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conditions and evaluate differences and 
trends in the Raman response 
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characteristics of the material, and 
consequently thFKaman spectra produced 
from the material 



Problem Statement 



Other COr Vs Welplannm for hyOTog^fjpic™ 
vehicles using Carbon coSposit^Kxerial 



COP Vs on Shuttle Orb iter 



Kevlar/epoxy composite strand 


COP Vs on Shuttle Orbiter 



Composites used primarily for the high strength-to-weight ratio 


Str§§s Rupture Phenomena 
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—Resulting in changes in vibrational characteristics 
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Scattered Light 
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RAYLEIGH STOKES RAMAN 



RAMAN SHIFTS 




Raman ^mjmmopy 
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Vibrational modes associated :mth 



Assignment 

ring vibrations 

C-H out-of-plane bending 

ring vibrations 

C-H in-plane bending 

C-C ring stretching 

C-H in-plane bending 

amide II (60% N-H bending; 40% C-N stretching 

C-C ring stretching 

amide 1 (80% C=0 stretching; 10% C-N 
stretching 10% N-H bending) 
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1613 cm 



MISSOURI 



Kevlar Aramid Fiber 










Chemical Structure of Kevlar 


Review of Literature 





Kawagoe et al. (1999) Schadler et al. (19! 




Schadler et al. (1995) 



• Defects possibly from stress or harsh 
environmental conditions 



Stuart (1995) 
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Typical Micro-Raman Spectrometer 
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a from Keylar with incidenLlaser 
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Spectra from Kevlar with Incident laser 
wavelengths of 488 nm 
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Fiber Alignment 




Comparison of Raman Peaks for 

KeAr 






Kim, P.K., Chang, C., Hsu, S.L., Normal Vibrational Analysis of a Rigid Rod Polymer: poly(p-phenylene 
terephthalamide ) . Polymer, 1986. 27(1): p. 34-46. 


Keyiar vam jks. composite, strand 






Strand Specimens 



MISSOURI 




07.31 2006 





Full width at half maximum Intensity ratio 

(FWHM) ratio 




Intensity Variations (relative to 1278 cm 1 ) for Virgin Strands, 

647 nm incident wavelength 
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Variations in the intensity of different virgin materials 



Intensity Variations (relative to 1278 cm 1 ) for 
Virgin Strands vs SIM specimens, 647 nm 
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Intensity Variations (relative to 1278 cm 1 ) for 
Virgin Strands vs SIM specimens, 647 nm 
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Intensity Variations (relative to 1278 cm 1 ) for Virgin Strands 
vs Fleet Leader specimens, 647 nm incident wavelength 
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Intensity Variations (relative to 1278 cm 1 ) for Virgin Strands 
vs Fleet Leader specimens, 647 nm incident wavelength 




FWHM (relative to 1278 cm 1 ) for Virgin Strands vs Fleet 
Leader specimens, 647 nm incident wavelength 
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FWHM (relative to 1278 cm 1 ) for Virgin Strands vs Fleet 
Leader specimens, 647 nm incident wavelength 
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Peak shifts for all strand specimens 
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1613 cm -1 Peak Shift with 
Applied Force, 647 nm 
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Defects in molecular structure 
-perhaps for hydrogen bonds 
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Raman Systems 



e laser beam is directed through a fiber optic prob 
lich can be taken out in the field for measurements 






Summary 
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ongoing...... 

Stress measurements may provide a tool in the short 




uestions ' 




